Animal models historically used to assess the acute gastric irritation potential of accidental ingestion of consumer products include the dog, pig, rabbit, and cat. In looking at alternative methods that are of shorter duration and more cost-effective, the rat is being evaluated as a potential model. Acute gastric irritation is known to increase as the reserve alkalinity of the formulation increases. In initial experiments to assess the rat as a potential model, animals were dosed via oral gavage with 1 of 4 formulations ranging in reserve alkalinity from 4.0 to 10.8. Necropsies were performed at 15 and 60 min after dosing. Macroscopic and microscopic evaluations of the stomach revealed morphological differences in the various treatment groups that distinguish granular formulations having either a low (R.A. = 4.0), moderate (R.A. = 7.1), or higher (R.A. = 10.8) reserve alkalinity. Additionally, it was observed that the acute gastric changes in rats dosed with a liquid formulation having a low (R.A. = 4.2) reserve alkalinity were similar to those in rats dosed with a granular formulation having a moderate reserve alkalinity (R.A. = 7.1). This suggests that other factors such as types of ingredients, pH, and physical form influence the extent of acute gastric irritation and demonstrates that an evaluation of only reserve alkalinity is not sufficient to ensure the safety of these products. This preliminary work supports the rat as a potential model to assess the acute gastric irritation potential of alkaline formulations or substances.
INTRODUCTION
The American Association of Poison Control Centers has estimated that 186,000 ingestions of cleaning products occurred in the United States in 1991 (2) .' Approximately 19% of these accidental ingestions required treatment in a health care facility and 64% involved children who were under the age of 6 yr. Some of these accidental ingestions resulted in minor to severe irritation to the gastrointestinal (GI) tract, which was related to the types of ingredients present in the product and its alkalinity (8, 11, 13) .
To reduce the adverse health effects associated with these accidental ingestions, cleaning products are evaluated in premarket safety testing for their potential to cause acute irritation to the GI tract. Animal models that have been developed to evaluate this potential include the cat, dog, rabbit, and pig (6, 9, 14, 15, 17, 20, 22, 23) . Rodent models have not been developed.
A series of experiments was begun to determine whether or not the rat can be used as an animal model to evaluate the acute gastric irritation potential of consumer products. Rodents are the species of choice for safety evaluation when irt vitro methodology cannot be used. The rat has historically been used as a model to study human GI tract disease and function (1, 5 ) and an extensive database is available on the rat GI tract (4, 12). In addition, in both human and rat stomachs, there is a glandular region composed of deep gastric pits lined with simple columnar epithelium (4, 7).
In this paper, we present data from preliminary experiments evaluating the acute gastric irritation 324 potential of alkaline detergent formulations (ADFs) in the rat. Our findings indicate the rat may be a useful model to assess potential acute gastric irritation. j MATERIALS AND METHODS Animals. Male Sprague-Dawley rats weighing 250-300 g were obtained from Charles River Breeding Laboratories and acclimated for 1-2 wk before dosing. Animals were exposed to a 12-hr light/dark cycle. Certified rodent chow and tap water were available ad libitum. Alkaline Detergents. Four ADFs were used in these experiments. The formulations differed in their physical form, composition, and reserve alkalinity. Reserve alkalinity refers to the buffering capacity of the product. This value is determined by titrating a 1% solution of the product with HCl down to a pH of 9.5 and is expressed as the grams of NaOH/100 cc of product. A description of the ADFs can be found in Table I .
Test Design. Rats were fasted for 16 hr. The weight of each rat was recorded just prior to dosing.
Groups of 6 rats were administered the ADFs via oral gavage at a dose of 2.5 cc/kg for granular ADFs (delivered as a 40% slurry) and 2.5 mVkg for liquid ADFs (dFlivered undiluted). Control animals received tap water at a dose of 2.5 cc/kg. Fifteen or 60 min after dosing, animals were euthanized using pentobarbital injected intraperitoneally. Each stomach was removed, cut along its greater curvature, washed free ofits contents, and evaluated macroscopically. Each stomach was then weighed and 1 section including the glandular and nonglandular portions was taken from each side of the stomach and preserved in 10% formalin. Formalin-fixed sections were routinely processed, sectioned at 5 pm, and stained with hematoxyIin and eosin for microscopic examination.
Statistics. Data were analyzed by the General Linear Methods Procedure available in SAS (19) and compared using an analysis of variance. For relative (stomach/final body weight) stomach weights, the significance between treatment means was tested using a Student's t-test. Statistical significance was established at p < 0.05.
RESULTS
Fifteen or 60 min after dosing, the stomachs of the rats were removed and evaluated using 3 parameters: relative stomach weights and macroscopic and microscopic evaluations. (Note: One animal in the group treated with formulation C for 15 min died of nontest substance-related effects.)
Analysis of Stomach Weights
Following a 15-min exposure, the mean relative stomach weights of rats receiving formulations B, C, and D were significantly increased compared to that of the water controls. The response of rats receiving formulation A was significantly decreased compared to that of rats receiving formulations B and C (Table 11 ). Values represent the stomachlbody weight ratio x 100 2 SE, n = 6. hlean body weight did not significantly differ among groups. Following a 60-min exposure, the mean relative stomach weights for only rats receiving formulation C was significantly increased compared to that for the controls (Table 11 ). Although not statistically signifiiant, the responses in groups B and D were directionally consistent with the 15-min response.
Macroscopic atid Microscopic Evaluations
Macroscopic changes were observed across all test groups following a 15-min exposure to the ADFs and characterized principally as petechial and ecchymotic hemorrhages with occasional submucosal edema ( Fig. 1) . Overall, the hemorrhage was least severe for formulation A, of similar intensity for formulations B and D, and most extensive for formulation C (Table 111) .
Microscopically, there was degeneration and erosion of the glandular mucosa (Fig. 2) . Accompanying these changes was mucosal congestion and hemorrhage, and submucosal edema. These changes were more superficial and less marked for formulations A and B versus formulations C and D (Table  IV) .
Macroscopic and microscopic changes at 60 min were similar to those at 15 min following exposure to the ADFs. However, there was increased severity of these changes at 60 min (Tables I11 and IV) . 
DISCUSSION
To support the 'use of the rat as a model for the evaluation ofacute gastric irritation, rats were dosed via oral gavage with 4 ADFs that differed in their reserve alkalinity, composition, and form. Three of the ADFs (A, B, and C) were granular and 1 was a liquid (D). Following either a 15-or 60-min exposure to the granular ADFs, the macroscopic and microscopic gastric alterations allowed ADFs having a low (R.A. = 4.0), moderate (R.A. = 7.1), or higher (R.A. = 10.8) reserve alkalinity to be distinguished from one another. The specific effects that allowed this distinction included the overall extent of hemorrhage observed macroscopically and the extent of mucosal degeneration and erosion observed microscopically.
The association of increased GI tract damage with increased alkalinity has been reported in the literature with other animal models (9, 17, 20, 22) . Detergent products of higher alkalinity are able to induce greater irritation to the GI tract of the cat (20, 22) and dog and pig (9, 17) than those of lesser alkalinity. These effects are also consistent with what is observed in humans following accidentahtentional ingestion ofthese products (8, 10, 11, 13, 16, 18, 21) . Although limited to endoscopic evaluation following ingestion of highly alkaline products, the damage to the human GI tract is similar to that observed in the animal models. Another finding in this experiment was that the liquid ADF (D), which had a reserve alkalinity of 4.2, induced macroscopic changes that were similar to the granular ADF (B), which had a reserve alkalinity of 7.1, and microscopic changes, which were similar to the granular ADF (C), which had a reserve alkalinity of 10.8. This result suggests that the types of ingredients, pH, or physical form of the ADF may influence the degree of gastric irritation and demonstrates that judging the gastric irritation potential of a formulation based solely on its pH or reserve alkalinity is not always appropriate.
Although statistically significant differences in relative stomach weights were observed, the data were variable and did not correlate with differences in the ADFs based on alkalinity or physical form.
The experiments presented demonstrate the rat may be a useful animal model to evaluate the acute gastric. irritation potential of alkaline detergent produc;s. These initial experiments have demonstrated that a distinction can be made between the gastric irritation potential of granular products differing in reserve alkalinity based on macroscopic and microscopic evaluations of stomachs following a 15-min exposure period. Extending the exposure time to 60 min did not add any additional information, demonstrating that a shorter exposure time is sufficient to draw a conclusion.
Additional experiments are planned to assess further the utility of this model by evaluating other parameters that assess the acute gastric irritant response and evaluating the influence of dosage volume on the response.
